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PMSF (0.2 m.M. EDTA (1.0 m.Mi. 0.5*0 Nonidet P-40 
(NP-40). and 3-[3-cholamido propyb-dimethylammonio]- 
1-propane sulfonate (CHAPS: 25 mMi was added care- 
fully, mixed for 2.5 h and centrifuged for 15 min at 
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10000 rpm to remove any insoluble maierui. Dur; 
or triplicate samples were taken for protein cere:: 
tion [11 J. Samples were stored at -80 C prior to iso 
trie focusing (1EF). 
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2.4 .5 Preparation of frozen tumor tissue 

The technique has been described previously (3.12). 
Briefly, the sample is moaned frozen to a fine powder, 
homogenized, lyophilized and solubilized in sample 
buffer. 

2.4.6 Control of representative 

The tumors were examined routinely by experienced 
pathologists and smears or imprints from the samples 
were also assessed for cytometric DNA content by 
microspectrophotometry. 

2.5 2-D PAGE 

2-D PAGE was performed as described [8.10] except for 
the following details. The glass tubes for IEF. 1.2 X 200 
mm. contained 2.0°/o Resolyte. pH 4-8 (BDH) and were 
cast to a height of 180 mm. A stock solution of acryl- 
amide (Serva) and A',A"-methylenebisacrylamide (16.7:1 
for IEF and 37.5:1 for the second dimension) was deio- 
nized by mixing with 5°o w/v Duolite MB 5313 mixed- 
resin ion exchanger (BDH) for 30 min. filtered (with a 
0.22 pm nitrocellulose filter) and stored at -70°C. 
A".A"-Methylenebisacr\1amide. A".A*.A\N'-tetramethyleth- 
ylenediamine (TEN! ED) and ammonium persulfate were 
purchased from Bio-Rad. IEF tubes were prefocused at 
200 V in 60 min. To each tube a sample corresponding to 
20-40 ug protein was applied and focused for 14.5 h at 
800 V and finally 1.0 h at 1000 V using a Protean II cell 
(Bio-Rad) and Model 1000/500 Power Supply (Bio-Rad). 
The tube gels were finally extruded into 1.25 mL equili- 
bration buffer, containing 60 mM Tris. pH 6.8 (2°/o SDS. 
100 mM dithiothreitol and 10% glycerol), frozen on dry 
ice and stored at -70°C. The second dimension (1.0 X 
180 X 90 mm) of the acrylamide concentration was 10% 



T. and the gel contained 3> mv Tns. pH S.S. jnj «■ : 
SDS. IEF gels were applied on top of the sljh ge.. 
with 0.5 u i- agarose containing elecirophoresi> runn::^ 
buffer (60 m.v Tris-base. 0.2 v glycine and 0.! SDS 
and electrophoresed with 10-11 mA per gei iconsurv. 
current) at -10 C. Six gels were run together in j Pro- 
tean II xi 2-D Multi-Cell i Bio-Rad i. Proteins were visual- 
ized by silver staining and photographed with the acidu* 
side to the iefi [13?UJ. 

2.6 Identification of polypeptides 

Vimentin and vimentin-derived polypeptides were identi- 
fied by extraction of an MDA-231 cell lysate with O.o \i 
KCl/0.5% NP-40 [15]. Tropomyosins were excirjjied 
from MDA-231 and WI38 cell lysates [16). and cyiokera- 
tins were extracted from MDA-231 and MCF-" cell 
lysates [17]. The patterns were compared w ith published 
maps [19-21]. Proliferating cell nuclear antigen <PCNA) 
was identified by immunoblotting iPCIO niAB. Dako- 
patt) using a semidry system (Multiphor 11 Nova Blot. 
Pharmacia-LKB Biotechnology AB) and enhanced che- 
moluminescence (ECL) detection lAmcrsham). 

3 Results 

3.1 2— DE of samples prepared from normal and 
tumorigenic cultured cells 

The object of this study was to develop methods for pre- 
paration of 2-DE maps from human tumor tissue which 
have the same high resolution as those obtained from 
cultured cells. Shown in Fig. 2 are high resolution 2-DE 
gels prepared from cultured cells and one leukemia: 
SV40 transformed embryonal rat fibroblasts WT2 (Fig. 
2a); human MDA-231 breast carcinoma cells (Fig. 2b); 
human WI38 fibroblasts (Fig. 2c I and human pre B-ALL 
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Ftpurc 3. 2-DE analysis of a case of lung adenocarcinoma (LA). Comparison of 2-DE gel quality between lAi frozen and *B> fresh (needle 
aspiration) tissue preparation. 



£iec:">pnf*'eiis 1993. ICM5-1053 



cells (Fig. 2d). Polypeptides were identified through a 
laboratory exchange of cell samples/2-DE maps and 
through 2-DE analysis of purified proteins (Table 1). 

3.2 Preparation of samples from solid tumors 
3.2.1 Fresh versus frozen tissue 

An adenocarcinoma of the lung (LA) was prepared for 
2-DE by conventional methods using frozen material 
(Fig. 3a). There are several possibilities for the poor reso- 
lution using frozen tissue, including the presence of high 
molecular weight protein aggregates. Filtering extracts 
through 0.1 urn filters (Durapore. Millipore) resulted in 
a slightly improved resolution (not shown). When fresh 
tumor tissue from tumor LA was used for sample prepa- 
ration, using fine needle aspiration to collect the cells, 
the resolution was considerably improved (Fig. 3b). The 
use of fresh tissue resulted in a general increase in reso- 
lution, which was most pronounced in the 50—100 kDa 
molecular mass range. A number of differences in the 
protein profiles of the gels in Figs. 3a and 3b can be ob- 
served, some of which are indicated in the figures. The 
decrease in serum albumin in Fig. 3b is likely to result 
from loss of serum proteins occurring when cells were 
pelleted after aspiration. Other differences, such as the 
decreased level of transformation-sensitive tropomyosins 
(TM1-TM3). may result from enrichment of tumor cells 
in the sample of Fig. 3b. Fine needle aspiration, a well- 
established technique in cytology, extracts mainly tumor 
cells because of decreased intercellular adhesiveness of 
neoplastic cells as compared to normal tissue. Micros- 
copic examination of DifT-Quick-stained extracted cells 
from case LA revealed almost 100°o tumor cells, 
whereas the whole tissue extract contained approximate- 
ly b0 () r> tumor cells. 

A 

: 




Table 1. Names and abbreviations for i&:r. ui-.tz >:v> 

Spoi Name Ba>i> ic 

A Acuns - 

aA j/>/io-Aciinm - 



B23 


Protein B23 /Numatnn 




ef: 


Elongation factor 2 
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EFl 


Elongation factor 1 5 


j 


GT 


Glutathione-S-transpherase 


a 


hsp60 


Heat shock protein oO 


a 


hsp"3 


Heat shock protein ~3 


a 


hspSO 


Heat shock protein 80. GRP'S. BIP 


a 


hsp90 


Heat shock protein 90 


j 


hsplOO 


Heat shock protein 100. Endoplasmm 
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I Fa 


Intermediary filament associated 
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kS 


Cytokeratin 8 


* and 


LamB 


Lamin B 
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Lipl 


Lipocorun I 
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Lin2 


Lipocortin II 
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Lipf 


Lipocorun V 
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Mill 


Mitcon 1/0 - Fl ATPase 
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Mit2 


Mitcon 2 
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Mii3 


Mitcon 3 
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MRP 


Mucine Related Polypeptides 
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pcna 


Ploliferating cell nuclear antigen 


c and a 


PLC 


Phospholipase C (1) 


a 


RO 


RO/SS-A antigen 
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SA 


Serum Albumin 


b and a 


aT 


a/pfcfl-Tubulin 
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bT 


berho-TubuMn 
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tml 


Non-muscle tropomyosin isoform 1 


b and a 


im2 


Non-muscle tropomyosin isoferm 2 


b and a 


tm3 


Non-muscle tropomyosin isoferm 3 


b and a 


im4 


Non-muscle tropomyosin isoform 4 


b and a 


tm5 


Non-muscle tropomyosin isoform 5 


b and a 


TPI 


Triose phosphate isomerase 
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Vim en tin 


b and a 


Vidl 


Vimeniin derived protein 


b and a 


Vid2 


Vimentin derived protein 


b and a 


Vid3 


Vimentin derived protein 


b and a 


Vid4 


Vimentin derived protein 


b and a 


Vin 


Vinculin 


a 



a. homologous position with respect to oiher mammalian systems 

b. purified proteinis) 

c. immunoblotting 
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F:~urc 4 2-DE anaiysis of j case of breast carcinoma (BC). Comparison of 2-DE quality and some differences in detected spots I arrow 
nc.tjs indicate increased intensitv and circles or bracket indicate decreased intensity of the same spots) between (Ai cnzymaiically and (B) 

noncr.zx mancaii* 'scrapeai tissue preparation 
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3.2.2 Comparison of different methods for preparing 
celts from fresh tumor tissue 

Samples were prepared from breast and lung carcinomas 
using either an enzymatic treatment with collagenase/ 
elastase or using nonenzymatic preparations (Fig. 4j. A 
number of differences in the protein profiles were ob- 
served in the resulting 2-DE gels, some of which are 
indicated in Figs. 4a and b. These differences include 
both increases and decreases in spot intensity. These dif- 
ferences may result from degradation of high molecular 
weight polypeptides during enzymatic treatment, in- 
creased solubilization of polypeptides, or may have other 
causes. For many tumors, it was only possible to obtain 



small amounts of material since the> were re>er\e.: v- 
other examinations. In these cases. sample* couc re rre- 
pared for 2-DE using either need:? .:$r::.iiior o- 
scraping. Figure 53 show* a 2-DE lie! prepared irorr. 
squamous lung carcinoma (LS» celU collected r»> needie 
aspiration and Fig. 5b shows a gel prepared from me 
same tumor by scraping. In this case, a number of differ- 
ences were recorded between the two procedures, some 
of which are arrowed in Fig. 5. Samples obtained from 
other tumors (breast and lung) general!) showed fewer 
differences between these two meihod> of cell sampling 
mot shown). These data show thai different noncnz>- 
matic extraction procedures may > icld different pol\ pep- 
tide patterns. However, the number of >pot< with ;i large 




^— — : ^ ~ A — = : 

figure 2-DE analysis of a case of lung cancer tLS). Comparison of 2*DE gel qu;iltt\ and delected spots i.irrmv heads .nul cirelesi between 
i a i aspiraicd (needle aspiration ) and (B> scraped preparations from fresh tissue 




Ftpurc 6. 2-DE analysis of three other types of tumors. (A) hypernephroma. (B» an adenoma of the thyroid and (C» corpus cancer, using the 
nonenzymatic preparation technique. Arrowheads and circles indicate some cyiosohc polypeptides. 



Eirttfpnurrsts 1993. /J. 16*5-1053 

difference in intensity were lower than when a nonenzy- 
matic preparation was compared with an enzymatic pre- 
paration. 

2-DE maps of satisfactory quality were prepared by a 
third procedure. Cells were released from small pieces of 
tumor by squeezing (see Section 2). Some examples of 
this are shown in Fig. 6 where 2-DE maps derived from 
a case of hypernephroma. KH (Fig. 6a). a case of thyroid 
tumor. TA (Fig. 6b) and a case of corpus cancer. CP (Fig. 
6c ) can be seen. We conclude thai nonenzymatic tech- 
niques are useful for 2-DE analysis of a number of dif- 
ferent tumors. The quality of the resulting gels is com- 
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parable to that obtained using cultured jells con—-- 
the gels in Fig. 2 with those in Fig. 4. t> and WhiZ::"^* 
these methods will be optimal will, in our experience, 
depend on the tumor material. For example, very snu;: 
tumors are preferably extracted by squeezing; on 
other hand, breast cancers (which are often fibrous > 
yield satisfactory samples using scraping. 

3.2J Purification of cells on percoll gradients 

We considered the possible advantage of separating 
viable cells from dead cells, erythrocytes, and debris 
using discontinuous Percoll gradients. Ceils collected 




Figure * 2-DE analysis of polypeptide* from viable «b and d) and nonviable (a and o cells of an adenocarcinoma of the lung iLB) 
separated usin? discontinuous Percoll densm gradient. Nonenzymatic preparauon techn.que (a and b. and enzvmai.c preparation 

.Cvnnioue ic and di .ire compared. 
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from ihe interphase showed a viability of more than 
90°.o as judged by trypan blue exclusion test. However, it 
as found that the yield of viable cells decreased drama- 
tically if the tissue resection was not immediately pro- 
cessed. To study the effect of lysis of cells during the pre- 
paration procedure. 2-DE maps were prepared from 
nonenzymatically extracted cells of case LB collected 
from the top fraction (nonviable. Fig. 7a) and interphase 
fraction (viable. Fig. 7b). These" 2-DE maps were 
compared with corresponding fractions (nonviable. Fig. 
7c. and viable. Fig. 7d) of enzymatically extracted cells. 
One clear disadvantage of the enzymatic technique was 
that when loss of cell viability occurred during prepara- 
tion, a dramatic loss of high molecular weight polypep- 
tides was observed (Fig. 7c ). This was probably due to 
degradation of intracellular proteins. However, nonenzy- 
matic preparations showed fewer differences between 
viable and nonviable cells: The most pronounced altera- 
tion was a decrease of a group of mucine related pro- 
teins (Fig. 7b). We conclude, therefore, that disconti- 
nuous Percoll gradient is necessary after enzymatic 
extraction of cells, but can be omitted from the nonenzy- 
matical tumor sample preparation procedure. 

We used the MDA-231 cell line to study the effects of 
cell lysis and leakage of cytosolic polypeptides during 
sample preparation. Remarkably, after 3*0. 50. 80 and 140 
min of incubation in PBS/PIH at 0"C. no significant 
changes were observed in the 2-DE pattern (not shown). 
Although loss of cell viability may not result in protein 
degradation when cells arc incubated in the presence of 
protease inhibitors, loss of cytosolic proteins would be 
expected during pelleting of cells. We monitored the loss 
of lactate dehydrogenase (LDH) activity into the super- 
natant during incubation in PBS of MDA-231 and MCF- 
7 breast cancer cells at 20"C. In both cases, loss of via- 
biliiy was paralleled by release of LDH from the cells 
(Fig. 8). Alter 5 h. T)"n of the MCF-7 cells, but only 30°.. 
of the MDA-231 cell* were dead (not shown). 
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Figure s. The rehmc release ■ traction in supernatant of touh of lac- 
tate dehydrogenase jcuivut iLDH> and cella viability versus incuba- 
tion time of the mamman carcinoma cell lines MDA-231 and MCF-7 
during incubation in PBS at 20'C. 



These data indicate the impact of a rapid prera:j::o- 
procedure. at low temperature, of fresh tumor sarr:r;e> 
Experiments have also been performed using or.:\ 
1.07 g/mL Percoll (Fig. 6c and Fig. !. leu tes: iu?e> 
order to remove erythrocytes. One clear advantage uuh 
this procedure, which today is routinely utilized, is a 
higher yield of viable cells, probably due to decreased 
sample preparation time. 



4 Discussion 

We describe procedures for sample preparation from 
solid tumors for 2-DE. 2-DE maps could be derived 
from solid tumors which were similar in quality to those 
obtained from cultured cells. Compared to methods 
using frozen material, the resolving power of the 2-DE 
technique is increased, allowing examination of a large 
number of polypeptides from tumors of different malig- 
nancies. Other investigators [12.22] have used samples 
from frozen tumors to derive 2-DE maps. We have previ- 
ously described disadvantages encountered using frozen 
tumor samples including variations in contaminating pro- 
teins between different samples [3]. The methods de- 
scribed here are based on the preparation of cells from 
tumors without enzymatic digestion. The enzymatic step 
could be avoided since malignant cells usually grow as 
solid masses which are not strongly attached to the 
matrix. Furthermore, wc found that omitting the enzy- 
matic digestion alleviated the necessity of purifying 
viable tumor cells on Percoll gradients. This was in sharp 
contrast to enzymatically treated samples, where loss of 
viability leads to loss of high molecular weight proteins 
(Fig. 7c). 

At least in the case of lung cancer, viable and nonviable 
cells showed small dilTcrenccs in respect to 2-DE maps. 
Presumably, protease inhibitors penetrate cells and 
inhibit proteolysis. In model experiments, we observed 
leakage of cytosolic protein (LDH) from the cells in 
parallel to loss of viability. Apparently, however, only a 
limited decrease of the level of low molecular weight 
cytosolic polypeptides was detected using silver staining 
combined with visual inspection. We have found that 
although some tumors arc well suited for the prepara- 
tion procedure described, others arc not. In general, 
good results were obtained using tumors of the lung, 
breast, corpus and lymphomas. In contrast, cells from 
thyroid adenomas and hypernephroma showed poor via- 
bility. We were in these cases unable to separate nonvi- 
able cells from viable cells, and we can therefore not 
evaluate the consequence of the loss of viability on 
2-DE patterns, apart from a loss of some low molecular 
weight cytosolic polypeptides. 

Highly differentiated tumors may show lower viability as 
compared with poorly differentiated tumors (Dr. Farkas 
Vanky. personal communication). A number of samples 
from thyroid tumors were prepared for 2-DE but most 
cases showed poor viability. We believe that special care 
is needed during preparation of generally highly differen- 
tiated tumor groups. The difference between loss of via- 
bility/leakage of LDH of the more differentiated MCF-7 
cells and the less differentiated MDA-231 cells is in line 
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h these observations (Fig. 8). A number of potential 
i interesting markers, like tropomyosin isoforms. cyto- 
atins and heat shock proteins, appear to be insensi- 
: to loss of viability during the preparation procedure, 
have to date made numerous observations of altera- 
ns in the expression of these polypeptides in breast 
'.cers and lung cancers. 

other problem that may occur, irrespective of sample 
paration techniques used, is admixture of iympho- 
es. These cases are easily detectable in smears and it 
y therefore be possible to select lymphocyte specific 
)is as "internal markers** for the 2-D PAGE analysis. 
;dies using this approach are in progress. Many of the 
ypeptides identified are structural (Table 1). Since the 
session of many of these polypeptides are known to 
y between normal and malignant cells, the possibility 

determine their expression simultaneously is 
sealing. In the specific case of breast cancer, altera- 
ns in the expression of intermediate filament proteins 
tokeratinsi are known to occur during tumor progres- 
n [23]. Other proteins known to be differentially 
>resscd between normal cells and transformed cells 

tropomyosins. numatrin/B23. heal shock proteins 
] PCNA. To this end. we have observed alterations in 

expression of cytokcratin 8. hsp 90. and non-muscle 
nomyosin isolbrm 2 during malignant progression, 
.uzawa et at., in preparation and Franzcn et at., in pre- 
alion ). 

: method of choice for sample preparation from 
nor tissues will depend on the properties of the tumor 
tcrial studied. It may be important to use only one 
i hod when comparing cases within one group, as dil- 
2ncos were observed between methods. The advan- 
ces of the nonenzymaiic techniques arc (i) thai it mini- 
'.es contamination with connective tissue, (ii) thai 
•hlems with contamination of serum proteins are 
>idcd. and (in) that separation of viable and dead cells 
not neccbsary. Hereby the revolving power of 2-D 
GE is maximized for the analysis of human tumors 
' indies on inter-tumor variations in gene expression 

facilitated. In addition, the polypeptide patterns ob- 
icd ma> be more representative for the in vivo tumor 

since the use of enzymes and incubations have been 
limized. 
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Reference points for comparisons of two-dimensional 
maps of proteins from different human cell types 
defined in a pH scale where isoelectric points correlate 
with polypeptide compositions 



A highly reproducible, commercial and nonlinear, wide-range immobilized pH 
gradient (IPG) was used to generate two-dimensional (2-D) gel maps of 
["SJmethionine-labeled proteins from noncultured. unfractionated normal 
human epidermal keratinocytes. Forty one proteins, common to most human 
ceil types and recorded in the human keratinocyte 2-D gel protein database 
were identified in the 2-D gel maps and their isoelectric points {pf) were deter- 
mined using narrow-range IPGs. The latter established a pH scale thai 
allowed comparisons between 2-D gel maps generated either with other IPGs 
in the first dimension or with different human protein samples. Of the 41 pro- 
teins identified, a subset of 18 was defined as suitable to evaluate the correla- 
tion between calculated and experimental p/ values for polypeptides with 
known composition. The variance calculated for the discrepancies between cal- 
culated and experimental p/ values for these proteins was 0.001 pH units. 
Comparison of the values by the Mest for dependent samples (paired test) 
gave a p-Ievel of 0.49. indicating that there is no significant difference between 
the calculated and experimental pi values. The precision of the calculated 
values depended on the buffer capacity of the proteins, and on average, it 
improved with increased buffer capacity. As shown here, the widely available 
information on protein sequences cannot, a priori, be assumed to be sufficient 
for calculating p/ values because post-translaiional modifications, in particular 
A'-terminal blockage, pose a major problem. Of the 36 proteins analyzed in 
this study. 18-20 were found to be A r -terminally blocked and of these only 6 
were indicated as such in databases. The probability of A'-terminal blockage 
depended on the nature of the A-terminal group. Twenty six of the proteins 
had either M. S or A as A-terminal amino acids and of these 17-19 were 
blocked. Onlv 1 in 10 proteins containing other A'-terminal groups were 
blocked. 



1 Introduction 

As compared with carrier ampholyte isoelectric focusing 
(CA-IEF). the application of immobilized pH gradients 
(IPGs) in the first dimension in 2-D gel electrophoresis 
offers improved reproducibility |1] because the nature of 
the pH gradient makes the resulting focusing positions 
insensitive to the focusing lime [2] and to the type of 
sample applied [3], The recently introduced ready-made 
IPG strips [4] seem to be an ideal substitute for the car- 
rier ampholyte gradients, which until now have been the 
most commonly used first dimensions in 2-D gel electro- 
phoresis. The availability of standardized first dimen- 
sions opens the possibility of comparing 2-D gel maps of 
various cell types generated in different laboratories, pro- 
vided that the focusing positions of a number of easily 
recognizable polypeptide spots common to the cell types 
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in question are known. Even though this approach is 
limited to experiments performed with the same standar- 
dized IPG. the flexibility provided by IPGs allows the 
pH gradient to be adjusted to the requirements of a par- 
ticular experiment. 

Exchange and communication of 2-D gel protein data re- 
quires a pH scale that is independent of the particular 
IPG used and by which the results can be described. The 
introduction of carbamylation trains and the relation of 
focusing positions to the spots in these trains repre- 
sented a step forward towards solving the reproducibility 
problem experienced with carrier ampholyte focusing [51. 
Problems associated with the use of carbamylation trains 
were mainly due to lack of temperature control and to 
the use of nonequilibrium focusing conditions. Accord- 
ingly, the pattern variation involved not only the re- 
sulting pH gradients, but also the relative spot positions 
as related to each other and to spots in the carbamyla- 
tion trains. Even though the question of reproducibility 
has. to a large extent, been solved, the carbamylation 
trains are still not ideal as markers because the spots in 
the trains do not represent defined entities but rather a 
large number of differently carbamylated peptides 
having close p/ values. As a result, the spots are large 
and poorly defined as compared to the ordinary polypep- 
tide spots in 2-D gel maps. 
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Neidhardt eta!. [6] defined the pH gradient in 2-D gel 
experiments by p/ markers whose p/ values were calcu- 
lated from the amino acid composition. Focusing posi- 
tions of other polypeptides could be predicted from their 
composition but the pA' values needed for the pi calcula- 
tions were unknown. Various groups employing this 
approach do not use the same pK values [6. 7] and there- 
fore, the p/ values derived in this way cannot be 
expected to describe the variation of the hydrogen ion 
activity. In spile of this fact, it is still possible to make 
approximate predictions of focusing positions because 
the pK values used to define the pH gradient are also 
used to calculate p/ values and to predict the focusing 
positions. Errors in pK assignments are therefore com- 
pensated. A pH scale which corretly reflects the variation 
in hydrogen ion activity during focusing should improve 
the precision of the predictions, but this has never been 
implemented with CA-IEF focusing as a first dimension 
in 2-D gel electrophoresis. The main reason for this are 
the problems associated with pH measurements in 
focused gels containing high concentrations of urea. 

IPGs can be described from the concentration variation 
of the immobilized groups, provided that the pK values 
of these groups are known for the conditions prevailing 
during focusing. To avoid measurements on gels, Gia- 
nazza eial. [8] suggested the use of pK values derived by 
addition of determined pA' shifts. Recently, direct deter- 
minations of pK differences between immobilized 
groups in IPGs were made by determining pI-pK values 
in overlapping narrow-range IPGs [9, 10] and the results 
verified the applicability of the Gianazza approach. A 
description of the focusing results in a pH scale, which 
correctly describes the variation of the hydrogen ion 
activity for the focusing conditions used, not only allows 
the comparison of 2-D gel maps generated with different 
IPGs, but also opens the possibility for correlating the 
focusing position of a polypeptide with its composition 
[9]. Experiments by Bjellqvist etal. [9. 10] have implied 
that pH scales showing good correlation between calcu- 
lated and experimental pi values can be derived for any 
of the conditions commonly used for focusing in connec- 
tion with 2-D gel electrophoresis. These pH scales are 
then defined through the pK values of the immobilized 
groups in the IPG containing gel. To be useful for inter- 
Faboratory comparisons, however, the pH scale has to be 
defined through pi values of easily recognizable spots 
present in the 2-D gel map. So far, pi determinations in 
a useful pH scale, combined with determinations of pK 
values needed for pi calculations, have only been made 
for the pH range 4.5-6.5 at 10°C [9]. CA-IEF focusing as 
described by OTarrell [11] does not control the tempera- 
ture of the first dimension, which can be expected to be 
slightly above room temperature. With IPGs, the temper- 
ature commonly used is about 20°C [4, 12] or 25 °C [13] 
and this is a critical parameter that needs to be con- 
trolled [14]. 

The present work was designed to compare 2-D gel maps 
of different cell types in a laboratory' applying both 
CA-IEF and IPG focusing at a common temperature. To 
this end we have generated 2-D gel maps of proteins 
from noncultured, unfractionated normal human epi- 
dermal keratinocytes with IPG in the first dimension 



and a focusing temperature of 25 C. V\> ha\e usee com- 
mercial nonlinear, wide-range IPG strips which zwt I-D 
gel maps that are closely similar to the ones resuinns 
with the CA-IEF technique used to establish the hurnar. 
keratmocyte database [15]. As an initial ster towards 
interlaboratory comparisons of results obtained with the 
nonlinear gradient as a first dimension we report here 
on the focusing positions of 41 known proteins that are 
common to most human cell types. The pH range 
covered corresponds to the range in classical CA-IEF 
2-D gel electrophoresis and in order to use these pro- 
teins as internal standards for comparing 2-D eel maps 
generated with other IPGs we determined their pi values 
with narrow-range IPGs in the first dimension. We have 
compared the calculated versus experimental pi values 
and show that it is necessary to have further information 
(absence or presence and nature of posttranslational 
modifications), in addition to amino acid composition to 
be able to calculate pi values that correspond to the 
actual experimental values. The pA' values used for the 
calculations are provided and the usefulness of pi predic- 
tion in relation to database information is discussed. 
Furthermore, we comment on the possibility of using 
experimentally determined pi values to verify the avail- 
able database information on polypeptide composition. 



2 Materials and methods 

2.1 Apparatus and chemicals 

Equipment for isoelectric focusing and horizontal SDS 
electrophoresis (Multiphor" II electrophoresis chamber, 
Immobiline v strip tray. Multidrive XL programmable 
power supply. Macrodrive power supply and Multiiemp* 
II) was from Pharmacia LKB Biotechnology AB 
(Uppsala. Sweden). Vertical second-dimensional gels 
were run in the home-made equipment described in [15J. 
The IPG strips with the wide-range nonlinear pH gra- 
dient were either Immobiline DryStrip* pH 3—10 NL, 
180 mm or alternatively 160 mm long IPG strips with a 
corresponding pH gradient. In both cases the IPG strips 
were delivered by Pharmacia LKB. Immobiline, Pharma- 
lyte. Ampholine. GelBond as well as PAG film and the 
ready-made horizontal SDS gels (ExcelGeP XL SDS 
12—14) were also from Pharmacia LKB. Purified proteins 
and peptides were from Sigma (St. Louis. MO). 

2.2 Sample preparation 

Preparation and labeling of unfractionated keratinocytes 
as well as fibroblasts have been described in [16]. Cells 
were lysed in a solution containing 9.8 m urea, 2% w/v 
NP-40, 100 mM DTT and 2% v/v Ampholine pH 7-9. 

2J 2-D gel electrophoresis 

First-dimensional focusing was performed according to 
Gorg etai [2] with some minor modifications, as de- 
scribed in [9]. Rehydration of the IPG strips was made 
in a solution containing 9.8 m urea, 2% w/v CHAPS, 10 
mM DTT and 2% v/v carrier ampholyte mixture. The car- 
rier ampholyte mixture consisted of 2 parts Pharmalyte 
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-N6.5. 1 pan Ampholine pH 6—8 and 1 pan Pharmalyte 
pH 8-10.5. Usually, cathodic sample application was 
used and the samples were diluted 2-20 times in a solu- 
tion containing 9.8 m urea. 4&o w/v CHAPS. l°o w/v 
DTT and 35 m.M Tris base. For acidic application, the 
Tris-base was substituted with 100 m.M acetic acid. The 
degree of dilution and sample volume (20-100 uLi 
depended on the particular sample and the IPG. and 
whether visualization of the proteins was to be done by 
Coomassie Brilliant Blue or silver staining. With the 
wide-range non-linear IPG. 10-30 ug of total protein 
was loaded for silver staining and 100-200 ug for Coo- 
massie staining. Focusing was done overnight with Vh 
products in the range of 45-60 kVh with 160 mm long 
strips and 50-70 kVh with 180 mm long strips. Solubili- 
zation of polypeptides and blocking of -SH groups prior 
to the second-dimensional run. as well as loading on the 
second-dimensional gel was done as described in [9]. 
The stacking gel was omitted and 5-10 mm were left ai 
the top of the second-dimensional gel for applying the 
IPG strip. The space was filled with electrode buffer con- 
taining 0.5 °o w/v agarose. Casting, running, staining and 
autoradiography were carried out as described in [15]. 

2.4 Experimental determination of p/ values 

The determination of the pA' differences between Immo- 
biiincs pA' 4.6. pA* 6.2 and pA' ".0 necessary for the cali- 
bration of the pH scale at 25 C in 9.8 m urea was done 
as described in [9] with the same narrow-range IPGs. 
The pH scale was defined by setting the pA' value of 
Immobilinc pA' 4.6 equal to 4.61 [9] and the determined 
pA* differences gave the pA' values of Immobilines pA' 6.2 
and pA* "\0. equal to 5.73 and 6.54. respectively. The pA' 
differences found arc in good agreement with values de- 
rived from [17] and [8] by extrapolation to 9.8 m urea 
concentration. As in (9). additional narrow-range recipes 
have been used for determining p/ values. With narrow- 
range !I*Gs extending to pH values higher than the pA' 
value of Immobiline pA* 7.0. anodic sample application 
ua.s uved with acetic acid added to the sample solution. 
Otherwise, cathodic sample application was used with 
ihe same sample buiTer as for wide-range IPGs. 

2.5 Proiein compositions used for p/ calculations 

^uh the exception of vimcntin. protein compositions 
are from the Swiss-Prot database [18]. For vimentin. we 
used the data from [19). where the amino acid at posi- 
tion 41 is a D instead of a S. Information in the Swiss- 
Prot database on phosphorylation has been disregarded 
because it was known from earlier studies (J. E. Celis. 
unpublished results) that the spots in question corre- 
sponded to the unphosphorylated forms of the peptides. 

2.6 Calculation of pi values 

For the p/ calculations it was assumed that the same pA' 
value could be used for an amino acid residue in all 
Dolypeptides and in all positions in the peptide except 
:br A- or C-terminally placed amino acids. For the pA' 
. alues of the .V-terminai amino groups the effect of the 
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different substituents on the c-carbon were taken in;o 
account. The calculations of p/ values were made ui:h 
the aid of the IPG-maker program [20). 

2.7 pK values used for pi calculations 

For the carboxyl terminal group and internal glutamyl 
and aspanyl residues the same pA' values were used as in 
[91- For C-iermina! glutamyl and aspanyl residues, sep- 
arate pA' values were derived with the aid of the Tafi 
equations [9. 21]. The pA' values of histidyl groups were 
calculated from the p/ values of human carbonic anhy- 
drase I as in [9). For .V-termina! glycine a pA* value of 
7.50 was used. The pA' shift caused by a substituent on 
the a-carbon was assumed to be identical wiih the pA 
shift the substituent caused for the amino group in the 
amino acid. i.e. 2.28 pH units were subtracted from the 
pA' values for the amino groups in the amino acids given 
in [22. 23]. The approximate pA' value of 9 for the cys- 
tenyl group was taken from [24]. For tyrosyl and arginyi 
groups we used the pA' values for the amino acids [22. 
23]. For lysyl groups the effect of high urea concentra- 
tion on amino groups was taken into account and 0.5 pH 
units were subtracted from the amino acid pA' value. 
These last three pA' values are far from the pH range 
under study and the results found would have been the 
same if lysyl and arginyi groups were assumed to be 
fully ionized while the ionization of tyrosyl groups were 
neglected. A complete list of the pA' values used is given 
in Table 1. 



Table 1. pA' Values used for the iomzable groups in peptides 
9.8 m urea. 25 °C 



Iomzable 


pA 


group 




C-ierrmnal 


3.55* 


v-iermmal 




Aid 




Met 


".00 


Ser 




Pro 


S.36 


Thr 


h.s: 


Val 


"44 


Glu 


:.7o 


Internal 




ASP y 


4.05 


Glu 


4.45 


His 


5.98 


Cvs 


y 


Tyr 


10 


Lys 


10 


Arg 


12 


C-ierrmnal side chain groups 




Asp 


4.55 


Glu 


4.75 



2.8 Statistical analysis 

Statistical comparisons of the experimental and calcu- 
lated p/ values were done on an Apple Macintosh list 
using the statistical package Statistica/Mac. release 3.0b 
(from StatSoft Inc., Tulsa.. Oklahoma). Calculated and 
experimental pi values were compared by the Mest for 



